The effects of A1As acoustica1 and optical phonons on the tunneling current in an ideal GaAsA1As-GaAs-A1As-GaAs structure are discussed. The transfer Hamiltonian method was extended to inelastic tunneling current in a double-barrier structure. It is found that the current off resonance in the Tsu-Esaki model could be enhanced by orders of magnitude by inelastic tunneling due to the coupling of electrons to barrier optical phonons. The contribution to the current due to the deformation-potential coupling of electrons to barrier acoustical phonons is found to be much less important. These effects change I-V characteristics for a double-barrier structure.
Semiconductor heterostructures involving GaAs and
A1As have been the subject of both theoretical and experimental studies. ' In GaAs-A1As-GaAs-A1As-GaAs structures, A1As layers act as energy barriers while the middle GaAs layer acts as a well. Of particular interest are GaAs-A1As-GaAs-AlAs-GaAs double-barrier structures which are specifically doped as n-i-i-i-n. Observations of resonant tunneling of electrons through doublebarrier structures have been reported. ' Tsu and Esaki have theoretically treated the general case of electronic tunneling through multiple barriers. In the doublebarrier case, resonant tunneling was shown by them to
give rise to a current maximum ( J «k ) at the voltage bias ( V, ) where the Fermi sea of an electrode is aligned in energy with one of the quasibound states in the GaAs well.
The current drops very rapidly at other voltages. Subsequent works have refined the theory for calculating the barrier transmission ( T) and current-voltage ( J-V, ) characteristics.
Typically, the peak current they calculated agrees with the measured value. However, the measured valley These effects change I-V characteristics for a double-barrier structure.
We treat a standard double barrier structure consisting of a layer of GaAs followed by a barrier of Gai Al As followed by a well of GaAs followed by a second barrier of Ga& Al As followed by the contact layer of GaAs. The interfaces between the layers are at x&, x2, x3, and x4, respectively. The barrier height (the conduction-band offset) is taken to be 55% of Es ' ' Es ' ', the b-and-gap difference. " The cross-section area is A. Each electrode has the thickness I.. The effective mass of the electron is taken to be m whether in GaAs or A1As. The left barrier and the right barrier are taken to be equally thick: T(q~;k~, k|) = f e ' Xi*X"dx . We now compare contributions to the current from the elastic and the inelastic process. We consider only the inelastic process induced by PO coupling or DP coupling.
Inelastic processes induced by other couplings will further increase the inelastic current. Therefore, the inelastic current we consider here is a lower bound of the actual value. However, even without a complete knowledge of the inelastic current, we can still demonstrate the dramatic change in order of magnitude of the current which is due to the inelastic processes.
In Fig. 1 gives rise to an inelastic current which is a thousand times as large as the elastic one.
In Fig. 2 , we plot the upper limit of the ratio of the resonant current, which occurs at V, =0.3 V, to the current at V, =0.4 V, which occurs off resonance, versus barrier thickness. The dotted line is obtained with Tsu-Esaki model, ' which includes only elastic process. In that case, the ratio shown here is equal to the peak-to-valley ratio of the J-V curve. The solid line is obtained with inelastic tunneling included. The peak current is mostly due to the elastic tunneling, since, at resonance, the elastic current is much larger than the inelastic current. The current off resonance is largely due to the inelastic tunneling, since the inelastic current is much larger than the elastic current, as shown in Fig. 2 
